Our previous study (Oncotarget 2016; 7:46) demonstrated that the over-expression of sulfatase-1 in murine hepatocarcinoma Hca-F cell line (a murine HCC cell with lymph node metastatic [LNM] rate of >75%) downregulates mesothelin and leads to reduction in lymphatic metastasis, both in vitro and in vivo. In current work, we investigated the effects of Sulf-1 knockdown on mesothelin (Msln) and it's effects on the in vitro cell proliferation, migration, invasion, and in vivo tumor growth and LNM rate for Hca-P cells (a murine HCC cell with LNM rate of <25%). Western blotting and qRT-PCR assay indicated that both in vitro and in vivo Sulf-1 was down-regulated by 75% and 68% and led to up regulation of Msln by 55% in shRNA-transfected-Sulf-1-Hca-P cells compared with Hca-P and nonspecific sequence control plasmid transfected Hca-P cell (shRNA-Nc-Hca-P). The in vitro proliferation, migration and invasion potentials were significantly enhanced following Sulf-1 stable down-regulation. In addition, Sulf-1 knock-down significantly promoted tumor growth and increased LNM rates of shRNA-Sulf-1-Hca-Ptransplanted mice by 78.6% (11 out of 14 lymph nodes were positive of cancer). Consistent with our previous work, we confirmed that Sulf-1 plays an important role in hepatocarcinoma cell proliferation, migration, invasion and metastasis. The interaction between Sulf-1 and Msln is a potential therapeutic target in the development of liver cancer therapy.
Introduction
Hepatocellular carcinoma (HCC) is the third most common in worldwide cancer distribution and is the second leading cancer with high morbidity and mortality (Song et al. 2016; Torre et al. 2015) . Lymphatic metastasis is the most important indicator of cancer prognosis, but in the literature, only few investigators (Suvendu Das 2008; Yoshimatsu et al. 2016; Dieterich and Detmar 2015; Gibot et al. 2016; Nathanson 2003 ) have reported about lymph node metastasis in hepatocellular carcinoma. Thus, the signaling pathways and the molecular mechanisms by which malignant liver cancer cells leave their primary site and invade regional lymph node have not been satisfactorily investigated in HCC.
Sulfatase-1 (Sulf-1) is one of the heparan sulfate 6-Oendosulfatases which are enzymes with unique ability to remove 6-O-sulfation pattern of Heparan Sulfate Proteoglycan (HSPG) on the cell surface (Pascale et al. 2016) . Sulf-1 is located at the cell surface and extracellular matrix and is reported to regulate many genes involved in tumor progression and metastasis (Ma et al. 2011) . The tumor suppresser function of Sulf-1 is reported to inhibit RAS/ERK, PI3K/AKT, WNT/β-catenin, stat3, TGF-β, and HEDGEHOG signaling in hepatocellular carcinoma, gastric cancer, ovarian cancer, and head and neck squamous cell carcinoma (Liu et al. 2014; Li et al. 2011; Lai et al. 2004a; Liu et al. 2013; Narita et al. 2007; Dhanasekaran et al. 2015; Bao et al. 2013; Roy et al. 2014; Khurana et al. 2011; Lai et al. 2004b; Li et al. 2005; Zhang et al. 2012) .
Mesothelin (Msln) is also a cell surface glycoprotein that is overexpressed in various malignancies. Studies have shown that Msln promotes tumor growth, invasiveness and drug resistance by acting on the tyrosine kinase receptors which in turn stimulates PI3K/AKT and MAPK/ERK signaling (Chang et al. 2009 ). Msln expression was reported to be induced by the sulfated HSPG-Wnt/β-catenin signaling pathway and led to increased proliferation, invasion and metastasis (Wang et al. 2012; Prieve and Moon 2003; Szatmári et al. 2015) .
Hca-P cell line is a murine HCC cell line syngeneic with Hca-F but with <25% LNM rate. Our lab developed both Hca-P and Hca-F cell lines. The two cell lines have unique features for the study of lymphatic metastasis (Cui et al. 2006; Song et al. 2005; Hou et al. 2001; Li et al. 1998) . Our previous work indicated that there is a functional relationship between Sulf-1 and Msln in murine hepatocarcinoma (Mahmoud et al. 2016) . Its overexpression in Hca-F murine hepatocarcinoma cell line down regulates Msln and leads to suppression of the in vitro proliferation, migration and invasion, as well as in vivo tumor growth and LNM rate. In the current study, we continued to validate the functional relationship between Sulf-1 and Msln, and the potential tumor suppressor role in hepatocarcinoma. Using RNAi silencing technique, we successfully downregulated Sulf-1 in Hca-P by obtaining polyclonal shRNASulf-1-Hca-P cells. Consistently, the stable knockdown of Sulf-1 up regulated Msln and led to an increase in the in vitro proliferation, migration and invasion capacities of Hca-P cells. In addition, the in vivo tumor growth and LNM rate of shRNA-Sulf-1-Hca-P-bearing mice were also significantly enhanced following the down-regulation of Sulf-1.
Materials and methods

Cell lines and stable plasmid transfection
Mouse hepatocellular carcinoma Hca-P cells (established by Department of Pathology, Dalian Medical University, Dalian, China) were cultured in 90% RPMI 1640 supplemented with penicillin/streptomycin and 10% fetal bovine serum (Gibco, USA), and cultured in a humidified incubator at 37°C with 5% CO 2.
We divided the cells into three groups: (1) stable down regulated Sulf-1 transfected Hca-P cells (shRNA-Sulf-1-Hca-P), (2) nonspecific sequence control plasmid transfected Hca-P cells (shRNA-Nc-Hca-P), and (3) non-transfected Hca-P cells (Hca-P). A day prior to transfection, 5× 10 5 cells per well were plated into a 6-well plate in a medium with 10% FBS and placed in an incubator with a temperature of 37°C with 5% CO 2 . Then the cells were stably transfected with Sulf-1 down regulation plasmid (pGPU6/GFP/Neo-Sulf-1-Mus-950, GenePharma, China) and nonspecific sequence control plasmid (pGPU6/GFP/Neo-shNc, GenePharma, China). The transfection was done by using lipofectamine 2000 Reagent (Invitrogen, USA) according to the manufacturer's protocol. Prior to the transfection, we empirically determined G418 selection concentration of the Hca-P cells to be 400 μg/ml of effective drug concentration. We continued to culture the transfected cells (shRNA-Sulf-1-Hca-P and shRNA-Nc-Hca-P) under the selection pressure of G418 until they became completely resistant to the drug. We then cultured the cells and the levels of Sulf-1 protein and mRNA in the down regulation cells were determined by Western Blot procedure and qRT-PCR, respectively.
Western blot analysis in vitro and in vivo
We harvested the plated cells in the log phase of growth and washed them twice with ice-cold PBS whilst the tissue samples were homogenized using tissue homogenizer. We extracted total proteins from the cultured cells and tissue samples and then quantified the proteins by the BCA method using Nanodrop spectrophotometer (Thermofisher Scientific USA). Equal amounts of proteins prepared into equal volumes were loaded onto a gel (SDS-PAGE) and separated by electrophoresis. Guided by a pre-stained protein molecular weight ladder (PageRuler ™ Prestained Protein Ladder #SM0671/2, Bio Lab China), portions of the gel corresponding to the molecular weights of Sulf-1, Msln and Glyceraldehyde 3-phospate dehydrogenase (Gapdh) proteins were sectioned out and transblotted onto a PVDF membranes (Invitrogen, USA). The membranes were blocked in 5% non-fat dried milk for one hour and then probed with monoclonal goat antiSulfatase 1 (Abcam, China, 1-3 μg/ml), anti-Mesothelin (Abcam, China, 1 μg/ml) and anti-Gapdh (ZSGB-Bio, China, 1:7500) primary antibodies for 1 h. After washing the membranes six times, rabbit anti-goat secondary antibody was applied to Sulf-1, anti-rabbit secondary antibody applied to Msln and anti-mouse secondary antibody applied on Gapdh for 1 h and the bright bands were captured by Li-Cor Odyssey Infrared Imaging System (Version 3.0 software).
qRT-PCR analysis in vitro and in vivo
In the in vitro experiment, total RNA was extracted from shRNA-Sulf-1-Hca-P, shRNA-Nc-Hca-P and Hca-P cells using the Trizol method (Invitrogen, USA). In the in vivo experiment, prior to mRNA extraction, all the equipment was autoclaved and washed with nuclease-free water, followed by rinsing with 100% ethanol and left to air dry. The samples were thawed and 1 g of cancer tissue was measured from each of the groups. The samples were homogenized using tissue homogenizer and total RNA was extracted from 500 mg of the homogenate using the Trizol method. Reverse transcription of purified RNA from both the in vivo and the in vitro samples were performed using oligonucleotide dT primers. qRT-PCR was carried out using SYBR green I dye and the quantification of gene transcripts was performed and normalized to Gapdh as the internal control. The sequences of primer pairs used in the present study are listed in Table 1 . PCR was carried out under the following conditions: 45 cycles of denaturation for 30s at 95°C, annealing for 30s at 55°C, and extension for 30s at 72°C. The relative mRNA expression level was collected and measured by using Δ Ct equation. We performed the PCR with Mx 3005P qRT-PCR machine (Agilent Technologies, Germany).
Cell proliferation analysis in vitro
The effect of Sulf-1 down regulation on Hca-P cells proliferation was measured using Dojindo's CCK-8 cell proliferation kit (Dojindo Molecular Technologies, Japan). Briefly, triplicates of 3× 10 3 cells/well of shRNA-Sulf-1-Hca-P, shRNANc-Hca-P and Hca-P cells were plated in 96 well plates and cell proliferation was measured at 24 h, 48 h, 72 h and 96 h later. We performed the Cell proliferation test by adding 10 μl of CCK-8/well and measured the absorbance at 450 nm 30 min after adding the reagent, using Multiskan Go spectrometer (Thermofisher Scientific, USA).
Flow cytometry analysis in vitro
The cell groups (shRNA-Sulf-1-Hca-P, shRNA-Nc-Hca-P and Hca-P cells) were synchronized at G 0 /G 1 phase by growth in 100% confluence with reduced serum for three days (Vecsler et al. 2013) . We then passaged the cells and cultured them for 24 h after which we harvested them in the log phase of growth, washed twice with ice-cold PBS and fixed them in 75% cold ethanol overnight at 4°C. The following day the cells were washed twice with ice-cold PBS after discarding the ethanol, 50 μg/ml of RNase (Sigma, USA) was added for 30 min and then stained with 20 μg/ml of propidium Iodide (Sigma, USA) overnight in darkness. We performed flow cytometry on the cells (Beckman Coulter, USA) and analyzed the data by Multicycle software (Phoenix Flow Systems, San Diego, USA) to get the cell cycle distributions.
Migration assay in vitro
Transwell cell culture plates were used to determine the effect of Sulf-1 down-regulation on the cells' migration potential. The upper chambers of the inserts were seeded with 2× 10 4 cells in 200 μl serum-free 1640 culture medium whilst the lower chambers were filled with 750 μl of 1640 containing 20% FBS as a chemoattractant, except in control wells which contained serum-free 1640 in both upper and lower chambers. After 16 h of incubation in humidified incubator with 5% CO 2 the non-migrated cells in the upper chambers were swabbed off and the plates were fixed, stained, and then observed under an inverted fluorescent microscope.
Cell invasion assay in vitro
The inner chambers of the transwell plates were coated with ECM gel (Sigma, USA) and incubated at 37°C for 1 h to produce an artificial basement membrane. The rest of the procedure was as described in migration assay above. Both the migration assay and the invasion assay were performed concurrently, and the former, aside being an assay on its own, was additionally used as control for the later.
Animals and implanted cell lines in vivo
The animals were provided by the Animal Facility of Dalian Medical University. All experimental procedures were approved by the Animal Ethics Committee of the Dalian Medical University, China. A total of 21 male inbred 615 mice (aged 6-8 weeks, weighing 18-22 g) were randomly divided into three groups (shRNA-Sulf-1-Hca-P, shRNA-Nc-Hca-P and Hca-P). The left footpad of each mouse was inoculated with 0.1 ml cell suspension (approximately 2 × 10 6 cells).
Tumor growth and lymphatic metastasis assay in vivo
Tumor growth was monitored and measured on days 7, 14, 21 and 28 and the values were used to calculate the tumor volume according to the formula [length × width 2 ]/ 2. Four weeks later, all the mice were humanely sacrificed and the tumors were dissected and weighed. Regional lymph nodes (inguinal and axillary) were also dissected for the analysis of lymph node metastatic rate.
Immunohistochemistry (IHC) and hematoxylin and eosin (H&E) stain analysis
The resected tumor tissues were cut into 5 μm sections and fixed in paraformaldehyde. IHC stain was employed to detect the expression of Sulfatase-1 and Mesothelin. The tissues were fixed in 4% buffered formalin for 15 min at 4°C and rinsed in TBS. Paraffin sections were dewaxed in xylene and rehydrated in a series of ethanol solutions after which antigen retrieval was done with Tris buffer at pH 9.0 in a microwave. Endogenous peroxidase activity was blocked by 20 min pre-incubation with 3% H 2 O 2 and then incubated with the blocking solution (Horse serum) for 30 min at room temperature. The incubation with primary antibodies (goat monoclonal antiSulfatase 1 antibody, Abcam, China, 1-3 μg/ml, and antiMesothelin antibody, Abcam, China, 1 μg/ml) was carried out overnight at 4°C. The sections were then incubated with the secondary antibody for 1 h and color was developed with diaminobenzidine (DAB) (Zhongshan Biotechnology, China). The positive reaction manifested as a brown stain. The sections were counterstained in Mayor's haematoxylin. Dehydration process started from 80%, 95% and 100% of ethanol for 2 min each and then washed with xylene 2times for 2 min each. Mounting and cover slipping were done and we proceeded to slide reading. Other slides were stained by routine H&E staining method and the rate of lymph node metastasis was determined. Metastasis rates in the two barrier Lymph nodes, including inguinal and axillary lymph nodes in the drainage routes from footpad tumors were assessed, and metastasis rate was expressed as a ratio of metastatic lymph nodes to the total number of lymph nodes in each mice group.
Statistical analysis
Each assay was performed three times. SPSS 17 software was used for all statistical analysis. One-way Anova was used to determine the significant differences among the groups at P < 0.05. We expressed the data as the mean ± standard deviation (S.D).
Results
Western blot results for the expression of Sulf-1 and Msln in vitro and in vivo
Western blot assay indicated that Sulf-1 was dramatically down regulated in shRNA-Sulf-1-Hca-P cells, both in vitro and in vivo. Compared to Hca-P and shRNA-Nc-Hca-P cells, Sulf-1 level decreased in shRNA-Sulf-1-Hca-P cells by 75% and 68% in vitro and in vivo, respectively (P < 0.05). At the same time, Msln expression level in shRNA-Sulf-1-Hca-P increased by 55% and 45% in vitro and in vivo, respectively (P < 0.05). These results confirm that Sulf-1 was successfully down regulated in Hca-P cells, and that its down regulation resulted in up regulation of Msln both in vitro and in vivo (Fig. 1a-d) .
Qrt-PCR results for the expression of Sulf-1 and Msln in vitro and in vivo
The levels of mRNA of both Sulf-1 and Msln were measured in vitro and in vivo by qRT-PCR and normalized to Gapdh, and Δct was used to calculate the values. In the shRNA-Sulf-1-Hca-P cells the result showed that the Δct values for Sulf-1 in vitro and in vivo were 2.21 and 1.98 while the Δct values for Msln were 0.23 and 0.28 compared to the two control groups (Fig. 1e, f) . This indicates that the mRNA expression level of Sulf-1 is lower in shRNA-Sulf-1-Hca-P cells with a concurrently higher Msln mRNA expression level compared to the two controls (P < 0.05). Clearly, this confirms that Sulf-1 down regulation promoted Msln expression both in vitro and in vivo.
The role of Sulf-1 in cell proliferation of Hca-P cells in vitro
In agreement with our previous work which showed that up-regulation of Sulf-1 inhibited cell proliferation of Hca-F cells (Mahmoud et al. 2016) , our current work indicated that, down regulation of Sulf-1 significantly promotes the cell proliferation of Hca-P cells in vitro. Compared to the Hca-P and shRNA-Nc-Hca-P cells, shRNA-Sulf-1-Hca-P cells exhibited enhanced cell proliferation seen on 3rd and 4th days with a statistical significance of P < 0.05 (Fig. 2a, b) . This shows that Sulf-1 played an important role in the regulation of Hca-P cells proliferation and this highlights the tumor suppressor effect of Sulf-1.
The role of Sulf-1 on cell cycle in vitro
We further investigated the growth promoting effect of Sulf-1 down regulation on Hca-P cell line by using PI staining followed by flow cytometry. The results showed that in the shRNA-Sulf-1-Hca-P cells there was 30.83% Table 2 and Fig. 2c, d . This result indicates that Sulf-1 plays an important role in controlling hepatocellular carcinoma cell division.
The role of Sulf-1 on migration and invasion in vitro
We performed transwell assay to examine the changes in mobility and invasion of the shRNA-Sulf-1-Hca-P, shRNA-NcHca-P and Hca-P cell lines. The migrated cell numbers for shRNA-Sulf-1-Hca-P, shRNA-Nc-Hca-P and Hca-P were 412 ± 21.78, 201 ± 10.65 and 213 ± 12.96. Meanwhile, the number of cells invaded through the filter membrane for shRNA-Sulf-1-Hca-P, shRNA-Nc-Hca-P and Hca-P cells were 382 ± 15, 199 ± 11.5 and 211 ± 10.0. Compare to the two control groups, the number of cells that migrated or invaded through from Sulf-1 down regulated cells were significantly increased by 2.00-folds (Fig. 3 a, b) .
The role of Sulf-1 in tumor growth in vivo
In the in vivo study, we observed that the mice inoculated with shRNA-Sulf-1-Hca-P cells had a faster rate of tumor growth and the tumors were bigger in size compared to the two controls (Fig. 4a-c) . The immunohistochemistry results showed that the tumor tissues from shRNA-Sulf-1-Hca-P bearing mice had lower Sulf-1 expression level but higher Msln expression level compared to the two control groups (Fig. 4d) . These results confirmed that Sulf-1 regulates the expression of Msln, and this finding is consistent with our in vitro results.
The role of Sulf-1 in LNM rates in vivo
We also observed an increase in LNM rate in shRNASulf-1-Hca-P bearing mice compared to the Hca-P and shRNA-Nc-Hca-P bearing mice as shown in Table 3 . The LNM rates for Hca-P, shRNA-Sulf-1-Hca-P and shRNANc-Hca-P bearing mice were 28.6% (4 out of 14 lymph nodes), 78.6% (11 out of 14 lymph nodes) and 35.7% (5 out of 14 lymph nodes), respectively. The LNM rates for shRNA-Sulf-1-Hca-P cells increased by 50% over Hca-P and 42.9% over shRNA-Nc-Hca-P. This means that, downregulations of Sulf-1 is associated with an increase in LNM rate, and corroborates the trail of findings in this study as well as findings from our previous work that Sulf-1 has a tumor suppressor property. The lymph nodes were also examined histopathologically (H&E), and the results revealed that, the lymph nodes from shRNA-Sulf-1-Hca-P bearing mice have more tumor cells with mitotic figures in the nodal marginal sinus with necrotic tissues, compared to the two control groups, (Fig. 5) . This means that, the lymphatic metastatic level in shRNA-Sulf-1-Hca-P bearing mice was higher compared to the control groups and confirms that Sulf-1 plays an important role in reducing LNM rates.
Discussion
Down regulation of Sulf-1 is linked to the development and progression of a variety of cancers . As reported by other researchers, loss of Sulf-1 is associated with an increased chance of cancer development, invasion and metastasis of hepatocellular carcinoma (HCC), breast cancer, ovarian cancer, head and neck cancer, and Gastric cancer (Gopal et al. 2012; Akutsu et al. 2010; Mondal et al. 2015; Bao et al. 2013; Narita et al. 2007) . Recently, in our previously study we found that Sulf-1 was linked to the lymphatic metastasis of hepatocarcinoma (Mahmoud et al. 2016) . Using murine hepatocarcinoma Hca-P cell line, we found that down regulation of Sulf-1 in Hca-P cell line promoted cell proliferation, migration and invasion in vitro, and promoted tumor growth and metastasis in vivo. Furthermore, we explored the relationship between Sulf-1 and Msln in tumor cells, and showed that down regulation of Sulf-1 up regulates Msln expression both in vitro and in vivo. Sulf-1 directs its tumor suppression function by desulfating HSPG and inhibits Wnt/β-catenin signaling (Yang et al. 2015) while Msln expression is reported to be stimulated by the highly sulfated HSPG-Wnt/β-catenin The difference for cell cycle analysis in Hca-P, shRNA-Sulf-1-Hca-P and shRNA-Nc-Hca-P cells were statistical significant at P < 0.05 Fig. 2 Cell proliferation assay. a cell proliferation measurement using manual cell count. b CCK 8 assay for Sulf-1 up regulation. The curve for shRNA-Sulf-1-Hca-P cells shows a higher proliferation in the CCK8 analysis compared to the two controls with significant at P < 0.05. c-d Cell cycle analysis in shRNA-Sulf-1-Hca-P, shRNA-Nc-Hca-P and Hca-P cells. Cluster bar chart of the cell cycle showing percentage distributions of the cell cycle phases in the three cell groups. The values represent the number of cells in each phase of the cell cycle as a percentage of the total cells. The values were statistically significant at P < 0.05 signaling in cancers (Demir et al. 2016; Bayoglu et al. 2015; Lou et al. 2016) . Tumor Cell over proliferation is one of the important prognostic factors in tumor evolution, and this happens when there is a gain of function mutation in the genes controlling cell proliferation or loss of function mutation in tumor suppressor genes. Sulf-1 is reported to suppress cell proliferation and tumor growth by downregulating the expression of Hedgehog pathway target genes such as GLI1, PTCH1, PTCH2, HHIP, C-MYC, CCND1, FOXF1, FOXM1 and BCL2 (Huangfu and Anderson 2006; Østerlund and Kogerman 2006; Chuang et al. 2003; Chuang and McMahon 1999; Katoh and Katoh 2009 ). Our results show that down regulation of Sulf-1 promotes cell proliferation by up regulating Msln expression. These results confirm the tumor suppressor role of Sulf-1 as reported in other studies.
It our previous study we have shown that, expression of Sulf-1 in HCC led to induction of G0-G1 and G2-M phase arrest through inhibition of Msln (Mahmoud et al. 2016) , and Msln is a known tumor promoter gene and its expression is reported to speed G1-S phase transition in the cell cycle (Tang et al. 2013 ). In our current study, we have shown that down regulation of Sulf-1 significantly speeds up cell cycle transition through the G1 to S-phase and then to G2-M phase. These findings are in agreement with what other researchers have found and this supports the tumor suppressor function of Sulf-1 in HCC.
Sulf-1 plays a significant role in in vitro migration and invasion capacities of tumor cells. Li J., et al. reported that Sulf-1 inhibits migration and invasiveness by down regulating Wnt/β-catenin signaling and inhibits the expression of metastasis related genes such as DKK4, S100A4, and S100P. These genes have been identified as Wnt signaling downstream target genes (Li et al. 2011) . Our current study showed that, down regulation of Sulf-1 promotes migration and invasion abilities of Hca-P cell line by up regulating Msln expression. Msln is one of the Fig. 3 Migration and invasion assay. a Transwell migration and invasion assays were performed in shRNA-Sulf-1-Hca-P, shRNANc-Hca-P and Hca-P cells. The results showed an increase in both migration and invasion in shRNA-Sulf-1-Hca-P cells. b The results presented in a bar chart with mean ± standard deviation (SD) and were statistically significant at P < 0.05 Wnt/β-catenin downstream target genes, so it is possible that the action of Sulf-1 on Msln is through inhibition of Wnt/β-catenin signaling which leads to a decrease in migration and invasion of the cancer cells. It is also plausible to suggest that the alteration in both migration and invasion capacities directly contributed to the alteration in the LNM potential of Hca-P cell.
Our in vivo experiments showed that down regulation of Sulf-1 led to up regulation of Msln expression and promoted tumor growth and an increase in LNM rates of Hca-P cells. Sulf-1 has been reported to inhibit the factors which are associated with tumorigenesis and lymphagiogenesis in virous cancers (Lai et al. 2008) . Consistent with our previous study (Mahmoud et al. 2016 ) both the in vitro and in vivo investigations of the index study strongly suggest a tumor Fig. 4 Tumor growth and IHC analysis. a-c. Display dissected tumors, tumor volume and the tumor weight from shRNA-Sulf-1-Hca-P, shRNA-Nc-Hca-P and Hca-P inoculated mice. The tumor from shRNA-Sulf-1-Hca-P group were bigger compared to the two controls P < 0.05. d IHC staining of the tumor tissues from shRNASulf-1-Hca-P, shRNA-Nc-Hca-P and Hca-P groups. The Sulf-1 expression is lower in shRNA-Sulf-1-Hca-P while Msln expression level is higher compared to the controls Table 3 The extent of lymph node metastasis to the axillary and inguinal lymph nodes in the three mice groups inoculated Group LN Lymph node metastatic rate LNM rate % LNM rate P value Hca-P Inguinal 3/7 28.6 Axillary 1/7
Sulf-1-shRNA-Hca-P Inguinal 6/7 78.6 *0.05
Axillary 5/7 Nc-shRNA-Hca-P Inguinal 3/7 35.7
Axillary 2/7 LN, refers to lymph node; LNM, refers to lymph node metastasis suppressor effect for Sulf-1 in murine hepatocarcinoma and its expression inhibits Msln expression and reduces LNM rates.
In our studies, we have found that Sulf-1 down regulation up regulates Msln expression both in vitro and in vivo. The mechanism through which Sulf-1 and Msln interact has not been investigated and is therefore unknown and unexploited. Based on the evidence retrieved from literature and evidence obtained from our studies we proposed that sulfated-HSPGWnt/β pathway is most likely the pathway through which the interaction between Sulf-1 and Msln operates in HCC (Fig. 6) .
Conclusions
In summary, our study highlights that down regulation of Sulf-1 up regulates Msln expression and promotes cell proliferation, migration, invasion, and tumor growth with increases in lymph node metastasis in Hca-P murine HCC cells. This is in agreement with our previous study where upregulation of Sulf-1 resulted in down regulation of Msln with a decrease in the aggressive behavior of murine HCC cells (Hca-F cells, syngeneic to Hca-P). The relationship between Sulf-1 and Msln has never been addressed by any investigation before, so our index study corroborates the previous study to show that there is a functional relationship between these two genes and this represents a promising target for developing therapeutic and preventive strategies against malignant progression in hepatocellular carcinoma. 
